This paper analyzes the charging and driving behavior collected from thousands of North American Ford full battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) whose owners utilize the MyFord Mobile smart phone app, thus enabling aggregated data for analysis. The trends investigated include charging frequency, electric vehicle miles travelled (eVMT), daily miles driven, and other factors.
Each of these vehicles is delivered with a level 1 convenience charge cord which can charge the vehicle from any standard 120V household outlet. This paper will analyze the charging behavior of the Ford electrified vehicle fleet over a period of nearly three years. In addition to traditional metrics, we will identify how differing geographic areas affect plug-in performance and influence vehicle usage behavior. Data will be presented in summer and winter categories, as seasonal effects are a key influence on geographical differences. The summer season includes months April through September, while the winter season includes months October through March. We will divide the analysis amongst four geographic regions: Canada, California, the Northeast (NE) Zero Emission Vehicle (ZEV) mandate member states, and the United States excluding California and the NE ZEV states. The NE ZEV mandate states include Connecticut, Maine, Maryland, Massachusetts, New Jersey, New York, Rhode Island and Vermont.
A number of studies have analyzed trip characteristics and charging behavior for plug-in vehicles. In particular, the DOE-funded EV Project from Idaho National Laboratory analyzed the charging behavior of a large number of Chevrolet Volts and Nissan Leafs over a three year time period. We will compare our results with this study throughout the paper, as it contains a variety of insights into BEV and PHEV charging and driving behavior with which to benchmark our own fleet.
Trip Based Metrics

Average Trip Length
Trip data is captured in a trip report, which summarizes information captured between key-on and key-off events, such as total trip distance, EV distance traveled, gasoline consumed, electricity consumed, etc. A valuable parameter to analyze is the average trip length that a customer takes. The Ford PHEVs average trip length is consistently between 11 and 13 miles, with a modest rise during the summer months, due to the very long trips which are more frequently taken during the summer. C-MAX Energi vehicles have slightly lower average trip lengths than Fusion Energi vehicles. With combined electric and gas range, the Ford PHEVs are capable of taking trips of over 500 hundred miles, which raises their average trip length. Conversely, the Ford Focus Electric BEV range is 76 miles, leading to mostly shorter trips. This reduces the average trip length driven in comparison to PHEVs; BEVs are not capable of taking very long trips without charging.
Distance Traveled Each Day
The average miles driven per day across all days driven for PHEVs is 45.4, σ = ± 49.2 with a median of 32.4 miles. The average miles driven per day across all days for BEVs is 31.0, σ = ± 21.7 with a median of 26.8 miles. BEVs from the EV Project demonstrated a slightly lower 29.5 miles per day, and extended range electric vehicles (EREVs) in the EV Project drove 41 miles per day, compared to this study's 45.4 for PHEVs [1] . The number of miles driven per day by model for each region and season is illustrated in Table 2 . The standard deviation for PHEVs is larger than for BEV vehicles, which is to be expected given the longer drivable range before the vehicle requires refueling. All vehicles exhibit reduced mileage per day during the winter months, with the exception of California vehicles which have a very modest reduction. This is most likely a function of differences in driving habits between regions, and the seasonal effects of weather. One key point to note is that Canadian BEVs travel further per day than BEVs from any other region during the summer. This is most likely an impact of the robust charging infrastructure, which will be addressed later in this report. For reference, all U.S. drivers, both conventional and electrified, average 29.2 miles per day and drive more in the summer than the winter, similar to the Ford electric vehicle drivers [2] . Figure 1 illustrates the distribution of BEV average distance per day. While a Focus BEV has 76 miles of AER, there are some Focus Electric vehicles which exceed this distance on a daily basis. This behavior has also been seen in the EV Project, with 4% of BEVs requiring workplace charging in order to fulfill their daily driving [1] . This behavior of a sizable population achieving high mileage is seen in the PHEVs and not in the BEVs, indicating that PHEVs more adequately satisfy the needs of fleet customers and high mileage retail customers.
Electric Vehicle Miles Traveled
The comparison of electric miles vs gasoline miles driven by PHEVs is a very important metric, and one that depends largely on driver behavior. The electric vehicle miles traveled or eVMT provides an understanding of how many miles a PHEV travels using electricity compared to using gasoline. The equation being used for this paper relies on those electric miles driven as a direct result of the power to charge the vehicle battery from the grid, and does not include power derived from other sources such as brake regeneration. To calculate this we need the total trip length, the gasoline consumed during the trip, the electricity consumed during the trip, and the stated efficiencies of the vehicle.
Here is the DC electricity consumed during a trip in kilowatt hours, is the amount of gasoline consumed on a trip in gallons, dist is the total trip distance in miles, is the AC electrical consumption efficiency, (37 kW-hr/100 miles), ℎ is the battery charging efficiency (0.805), and is the gasoline consumption efficiency (2.6 gallons /100 miles).
With this information we can calculate the total electrical miles driven for any trip taken. For BEVs the calculation is much simpler with the total eVMT equal to the trip length.
The eVMT % achieved is the eVMT divided by the total miles driven. It should be noted that this eVMT % is grid based, meaning only the electricity derived from plugging in is accounted for. When including nongrid based sources, such as brake regeneration, the total EV miles travelled exceeds 50% on average. PHEVs overall average 32.6 eVMT % in winter months and 34.0 eVMT % in summer months Table 3 eVMT % Table 3 illustrates several trends amongst the different regions. California is the only region which performs better in the winter than in summer. This is due to the increased use of air conditioning in the summer and less need for heating in the winter. The NE ZEV States and Canada both demonstrate decreases in eVMT % during winter. The NE ZEV states decrease 4-5% and Canadian vehicles decrease 5-6% between the summer and winter months. Despite these large decreases, Canadian winter eVMT % is nearly as large as the summer performance in the NE ZEV states and in California.
Canadian vehicles are driven less than American vehicles and this could have an impact on the eVMT % seen between the regions. This will be discussed further in section 4.1
Charging Metrics
Charge Events per Week
One of the primary metrics of charging behavior is the number of charge events performed per week by the vehicle owner. A charge event is initiated when the vehicle begins to accept charge, from either a dedicated charging station, known as electric vehicle service equipment (EVSE), or a standard wall outlet; and ends when the vehicle has fully charged, the user has unplugged the vehicle, or the event has been stopped remotely. BEVs. This additional charging from BEVs could be out of necessity. As available battery range is reduced in cold temperatures, owners may be charging their vehicles more often to ensure they have sufficient range to reach their final destination.
One anomaly is that the Canadian vehicles charge more often than all of the others, and this is especially seen in BEVs during the winter time. Additional analysis in section 4.2 will investigate the reasoning for this behavior which is unique to Canadian drivers.
Charger Types: Level 1 and Level 2
PHEV and BEV drivers vary significantly in how often they charge their vehicles at level 1 or level 2. Table 5 Charger Power Type
The PHEVs are more apt to charge with a 120V level 1 charger such as the mobile charger that comes with the vehicle which can charge a fully depleted battery in approximately 7 hours. This results in a slower charge time which is easily accomplished overnight while the owner is sleeping. A 240V level 2 charger can complete the same charge in approximately 2.5 hours but it requires purchasing and installing the level 2 charger. PHEV owners are more likely to rely solely on level 1 charging, as this data suggests, with slightly over 70% of all charge events for PHEVs being done on level 1.
BEV owners in comparison prefer to use a 240V level 2 EVSE to charge their vehicle, with 60% of all charge events being completed on level 2. It is understandable that a BEV owner would be more likely to own a dedicated level 2 EVSE since the Ford Focus Electric vehicle could take as long as 20 hours for a full charge on level 1, but only 3.6 hours using a level 2 charger.
Canadian PHEV and BEV owners utilize more level 2 charging than their American counterparts and this is considered to be in part due to the investment in charging infrastructure. Canadians living in Ontario and Quebec can receive up to a $1,000 rebate on the purchase and installation of a level 2 charging station, or 50% of the total cost [3] . In British Columbia the incentive increases to $4,500 and 75% of the cost. The United States in comparison offers a 30% federal tax credit up to $1,000 on the purchase of an EVSE, with an assortment of local rebates available combined with programs from electric utilities to assist with installing residential EVSEs in some regions [4] . Future analysis will look at the variety of local programs in the United States which offer incentives for charging equipment and understand if this impacts charging behavior in the same ways Canadian charging is affected.
Regional Comparison
The previous sections have included information on the fleet which other studies such as the EV Project from Idaho National Laboratory have commented on in the past. It has been pointed out where Ford data corroborates with or differs from the information assembled in these studies for the various metrics outlined. 
Level 1 Level 2 Level 1 Total
Level 2 Total
The next section will provide deeper insight into regional data and how geographical differences translate into differing driver behavior. For our regional comparison we will continue to utilize our four geographic regions: Canada, California, the NE Zero Emission Vehicle (ZEV) mandate member states, and the United States excluding California and the NE ZEV states. These regions were selected because they offer insight into key differences found across national and state boundaries in which policy and external factors like electricity and fuel prices, charging infrastructure, and climate play a large role in shaping plug-in vehicle adoption and behavior. They also offer a large population of vehicles to evaluate.
Expanding on the policy factors, when speaking about California and the NE ZEV states it is important to note that these regions have adopted the ZEV mandate which requires sales of zero emission vehicles. Manufacturers comply with the ZEV mandate on an annual basis by meeting specific credit requirements for different vehicle categories that employ zero emission technology.
Annual Mileage
The annual mileage of a plug-in vehicle differs from that of a conventional gasoline vehicle. BEV owners have self-selected BEV ownership because of their confidence that the vehicle range will meet their needs or will modify their vehicle usage to adopt the new technology. PHEV owners on average drive further than a conventional gasoline vehicle, likely due in part to the increased fuel efficiency. Previous studies have shown that BEV owners drive significantly fewer miles annually than their conventional or PHEV counterparts unless accompanied by charging infrastructure, particularly workplace charging. Table 6 above shows that vehicles perform differently in a variety of areas. California leads in BEV annual mileage perhaps due to more prevalent charging infrastructure, which Canada also benefits from due to large infrastructure deployment in major metropolitan areas as stated previously. The effects of the charging infrastructure can also be seen when analyzing the charging events per week for Canadian BEVs in the winter time, which average more than 10 charges per week as referenced in table 4.
When analyzing PHEVs, key differences can be seen between the regions and the two models. C-MAX Energi tends to be driven less than Fusion Energi, as can be seen from the shorter average trip lengths and fewer miles per day (Table 2 ). In comparison, the Fusion Energi has higher annual eVMT and VMT (total miles travelled) distances than the C-MAX Energi. In areas of the United States outside of California and the NE ZEV states the differences between the PHEV models become less apparent.
PHEVs in cold weather areas of the Northeast ZEV states and Canada both experience reduced annual mileage and reduced eVMT compared to the other regions. However on a percentage basis Canada achieves more eVMT than the NE ZEV states with 34% compared to 31%. California plug-ins travel further than any other region and achieve more eVMT. regions travel farther than the average driver except for in the NE ZEV states, which have lower annual VMT than other PHEVs, while BEVs in all regions travel less than the average driver. The obvious restrictions of range account for a level of self-selection where customers with below average annual mileage likely have shorter commutes and choose the BEV knowing they can comfortably perform their daily activities without worrying about range restrictions. Table 4 makes it apparent that all of the vehicles are charging on a regular basis, with a median of 7 to 8 charge events per week or roughly once per day. Canadian vehicles charge more often compared to other North American vehicles and this has apparent implications to eVMT achieved. For example, though Canadian BEVs only travel approximately 8,500 miles annually, this is equivalent to 90% of the typical Canadian drivers' annual mileage. In comparison, BEVs from the United States travel 8,250 miles annually, which only accounts for 73% of the typical mileage driven per year. It has been proven that charging more often equates to more eVMT and more annual mileage [1] and it appears Canadian regions are deploying and utilizing charging infrastructure more effectively than in the United States.
eVMT Differences
Charging Infrastructure
U.S. charging infrastructure data from PlugShare shows that the NE ZEV states at the end of 2015 had a total of 3,205 publicly accessible level 2 charging stations [8] . This translates to roughly 66 charging stations for every 1 million people, compared to Canadian infrastructure which has 78 charging stations per million people. Quebec, which registers more plug-in vehicle drivers than any other province in Canada, has 130 stations per million residents [9] , which does not include the 110 volt access for block heaters, which are prevalent in colder cities in Canada. California has invested heavily in charging infrastructure (202 stations per million residents), the NE ZEV states will require more charging infrastructure in order to support their plug-in populations.
The EV Project demonstrated that BEVs and PHEVs both achieved significantly more eVMT when drivers are able to take advantage of public and workplace infrastructure. Those who charged away from home regularly achieved 72% more daily electric miles than those who did not [1] . Additionally the EV Project found that workplace charging accounted for approximately 32-39% of all charge events, with only 3-4% of charging taking place at other public locations.
PHEVs were found to drive almost as many electric miles as BEVs, and with most of the charging away from home occurring at work, there is a great opportunity to increase eVMT for plug-ins by establishing more workplace charging. Workplace charging is even more affordable than other public charging infrastructure installations, representing greater potential to improve infrastructure access with limited incentive spending [10] .
Fuel and Electricity Prices
Two other factors influencing eVMT are fuel and electricity prices, due to their ability to alter the desire to plug in. When gasoline prices are high there is more of an incentive to charge your vehicle. Similarly when electricity prices are high, there is less of an incentive to drive on electricity. Fuel and electricity prices can change with time, and across state, province, and national boundaries.
Studies have shown that drivers respond to fuel prices and will alter their driving behavior because of it, with some regions such as California, responding more in the short term than the nation as a whole [11] . UC Davis investigated populations of PHEVs and BEVs to better understand what encouraged people to plug in and they found that some plug-in owners specifically chose not to plug in due to the cost of electricity when compared to gasoline [12] . The study indicated that someone who does not see as much value in plugging in will do so less, and perhaps take less initiative in finding charging stations than someone who values plugging in more often.
Even in our own data we see behavior likely impacted by the cost of fuel and electricity. In [14] . With electricity costing 1/3 the price in Montreal as it does in San Francisco, and gasoline costing 25% more it is not surprising that Canadian Fusion Energi owners would charge more than owners in California. This information combined with the results UC Davis discovered on the impact of relative prices to charging behavior and the probability of finding public charging stations, leads to the conclusion that Canadian plug-in drivers are more apt to find and utilize the public charging infrastructure due to the greater price differential in their fuel choices.
Conclusions
In conclusion, the Ford fleet of PHEVs and BEVs exhibit average trip lengths within the vehicle battery range with BEV daily ranges well within the battery range and PHEVs having greater variability, demonstrating higher vehicle utilization especially for longer trips in the summer months. In general, EV mileage decreases in the winter consistent with conventional vehicle use with California being the only region with increased eVMT% during that time. The data indicates that customers are selecting vehicles with attributes and functionality that are appropriate for their lifestyle. This analysis is consistent with the information found in the EV Project study.
Charging infrastructure, especially supplemental workplace charging infrastructure, could have a significant impact on total eVMT as demonstrated by the daily driving habits of Ford plug-in vehicles. Ford vehicles, and the electric vehicle industry as a whole, could benefit substantially from increased workplace charging given the number of miles that are driven daily by our vehicles. These insights provide an improved understanding of the electric driving needs of our customers.
Geographic location can have significant impact on charging and driving behavior, with individual factors including fuel prices, electricity prices, local charging infrastructure, and seasonal weather changes. The effects of each of these factors varies differently for PHEVs and BEVs, indicating that both products have strengths to offer in particular areas, with dependency on the region and landscape. The effects of cold weather, prevalence of long distance travel, type of housing, access to charging infrastructure and capacity for multiple vehicles are considerable factors which steer customers to a preferred electrification technology. Understanding these effects more thoroughly will help industry match the driving needs and wants of the electrified customer balanced with vehicle features and functionality to ultimately democratize electric propulsion to a broader base.
